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Abstract

A new formulation of levothyroxine sodium has been developed in the form of an oral solution contained in unit-dose
ampules. A study has been conducted to compare the bioavailability of levothyroxine sodium oral solution and levothy-
roxine sodium soft capsule in healthy volunteers under fasting conditions. The rate and extent of absorption of the new
levothyroxine solution were also evaluated when administered on dilution in water or directly into the mouth without
water. In each period, according to the randomization scheme, subjects were administered single oral doses of either
test,as 4 x |50-pg unit-dose ampules, with or without water, or reference,as 4 x 150-..g capsules in a crossover design.
Thirty-six subjects were randomized and dosed in this study; of these, 3|1 completed all study periods. When compar-
ing the solution with the capsule (both products administered with water), the 90% confidence intervals for the ratio
of log-transformed values of AUCy.4g and C,,.x were within 90.00% and || 1.1 1%, respectively, for baseline-corrected
levothyroxine. Moreover, the administration of levothyroxine oral solution without water did not affect the rate and
extent of its absorption. In conclusion, levothyroxine oral solution unit-dose ampules were bioequivalent to the levothy-
roxine capsule when administered with or without water. All formulations were well tolerated, with no major side effects.

Keywords

bioavailability, bioequivalence, levothyroxine, oral solution, pharmacokinetics

Levothyroxine (L-thyroxine) sodium is the sodium salt
of the levo isomer of the thyroid hormone thyroxin
(T4). Synthetic T4 is chemically identical to that pro-
duced in the human thyroid gland. Levothyroxine is in-
dicated as a replacement or supplemental therapy in
congenital or acquired hypothyroidism of any etiology
and as an adjunct to surgery and radioiodine therapy
in the management of well-differentiated thyroid can-
cer. The dose of levothyroxine depends on a variety of
factors, including among others body weight and the
condition being treated. It must be individualized and
adjustments made based on periodic assessments of the
patient’s clinical response and laboratory parameters.
Absorption of orally administered levothyroxine
from the gastrointestinal tract varies from 40% to
80%."2> The majority of the levothyroxine dose is
absorbed from the jejunum and upper ileum.> T4
absorption is increased by fasting*’ and decreased in
malabsorption syndromes and by certain foods such
as soybeans®’ and dietary fiber,® but also grapefruit
juice,’ papaya,'® and coffee.!! Many drugs and sup-
plements (such as calcium, iron, and proton pump
inhibitors, just to cite a few) are also known to interfere

with levothyroxine absorption.'> The major pathway
of thyroid hormone metabolism is through sequential
deiodination. Approximately 80% of circulating T3
is derived from peripheral T4 by monodeiodination.
Levothyroxine is eliminated slowly from the body,
with a half-life of 6-7 days under normal conditions,
whereas T3 half-life ranges within 1 to 2 days.!>!
Levothyroxine oral formulations commercially
available in the United States include tablets and
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soft-gel capsules. The absorption of levothyroxine in
soft-gel capsules has proven to be equivalent to that of
tablets in healthy subjects under fasting conditions,'>!¢
whereas it appears to be improved with respect to
tablets under altered gastric pH conditions.!” " Oral
solutions are available in some countries in multidose
bottles requiring use of a dropper or other devices for
dosing. A new formulation of levothyroxine sodium
has been developed in the form of an oral solution
contained in unit-dose ampules, with strengths ranging
from 13 to 200 pg. Such a formulation (free from
ethanol, propylene glycol, and preservatives) aims to
facilitate administration in patients who may have
difficulty in swallowing tablets or capsules, such as
children or the elderly, and to provide the exact dose.
This study has been conducted to compare the bioavail-
ability of levothyroxine oral solution and levothyroxine
soft-gel capsule under fasting conditions. A Tirosint
(manufactured by IBSA Institut Biochimique SA,
Pambio-Noranco, Switzerland) 150-ug capsule was
selected as the reference product because it is the
reference listed drug for levothyroxine capsules as per
the Orange Book. Considering the very similar compo-
sition of the 2 products, this was considered the most
relevant reference for the oral solution. The rate and
extent of absorption of the new levothyroxine solution
were also evaluated when administered on dilution in
water or directly into the mouth without water.

Subjects and Methods
Study Design

This was a single-center comparative bioavailabil-
ity, open-label, randomized, single-dose, 3-period, 6-
sequence crossover study under fasting conditions. This
study was carried out at inVentiv Health Clinique, Inc.,
Québec City, Québec, Canada, a Syneos Health com-
pany. The study consisted of 3 single-dose administra-
tions of levothyroxine oral solution (with and with-
out water) or a levothyroxine capsule. Each period was
separated by a washout period of 35 days. The study
was open label. Because comparative BA studies in-
volve a comparison of pharmacokinetic (PK) profiles,
which are not subjective measurements, blinding was
not deemed necessary for this study.

All clinical work was conducted in compliance with
Good Clinical Practices as referenced in the Interna-
tional Council for Harmonization guidelines (ICH E6),
Good Laboratory Practices as referenced in the ICH
guidelines, local regulatory requirements, and the rec-
ommendations laid down in the most recent version of
the Declaration of Helsinki. The clinical study proto-
col, any related associated documents, and informed
consent forms were reviewed and approved by an inde-
pendent ethics committee (Institutional Review Board

Services, Aurora, Ontario, Canada), prior to beginning
associated study procedures. All participants provided
written informed consent prior to the start of any study
procedure.

Study Population
Subjects enrolled in this study were members of
the community at large. Subject screening procedures
were performed within 28 days prior to first study
drug administration and included informed consent,
inclusion/exclusion check, medical and medication his-
tories, a concomitant medication check, demographic
data (sex, age, race, and ethnicity), body measurements
(height, weight, and body mass index [BMI]), physi-
cal examinations, measurement of vital signs (blood
pressure, heart rate, respiratory rate, and oral tempera-
ture), a 12-lead electrocardiogram (ECGQG), a urine drug
screen, a urine pregnancy test (female subjects), clinical
laboratory measurements (biochemistry, hematology,
endocrinology in serum [total T3, free T4, and thyroid-
stimulating hormone], serology [human immunodefi-
ciency virus, hepatitis C virus antibodies, and hepatitis
B surface antigen], and urinalysis).

All participating subjects were judged eligible for the
study when assessed against the inclusion and exclusion
criteria.

Study Procedures

For each period, subjects were confined from at least
10 hours before dosing until after the 48-hour post-
dose blood draw. Subjects came back for a safety
visit approximately 1 month following the last dose
of levothyroxine. In each period, according to the
randomization scheme, subjects were administered a
single oral dose of either the test levothyroxine sodium,
as 4 x 150-pg unit-dose ampules of oral solution
(manufactured by IBSA Institut Biochimique SA) ad-
ministered with water (treatment A) or without water
(treatment B), or the reference levothyroxine sodium
(Tirosint) 4 x 150-ug soft-gel capsules (treatment C).
‘When administered with water, the oral solution was di-
luted in 140 mL of water, and the container was rinsed
twice with 50 mL of water, which was then consumed
by the subjects (total amount of water consumed was
therefore 240 mL). When administered without water,
the unit-dose ampules of oral solution were squeezed
directly into each subject’s mouth. The reference cap-
sules were administered with 240 mL of water. Doses
were administered after an overnight fast of at least
10 hours, and subjects subsequently fasted for a period
of at least 4 hours.

A total of 19 blood samples were collected in each
period: —0.5 hours, —0.25 hours, and within 5 minutes
(0 hours) predose and 0.5, 1, 1.5, 2, 2.5, 3,3.5,4, 5, 6, 8,
10, 12, 16, 24, and 48 hours postdose. Actual sampling
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times were used for statistical analyses. A dead volume
intravenous catheter was used for blood collection to
avoid multiple skin punctures. Otherwise, blood sam-
ples were collected by direct venipuncture.

Pregnancy tests were performed for all women at
screening, before dosing in each period, and for study
exit procedures. Clinical laboratory tests (biochem-
istry, hematology, endocrinology, and urinalysis) were
performed for each subject at the time of screening,
before dosing of periods 2 and 3, and for study exit
procedures. In addition, endocrinology tests were
performed at the safety return visit, which occurred
approximately 1 month following the last dose of
levothyroxine. Physical examinations were performed
at the time of screening procedures and before dosing
of periods 2 and 3. ECG measurements were per-
formed at the time of screening, before dosing and
approximately 48 hours postdose in each period and
at study exit. ECG performed 48 hours postdose of
period 3 could have been used as the ECG required at
study exit. Measurement of vital signs (blood pressure,
heart rate, respiratory rate, and oral temperature) were
performed at the time of screening and for study exit
procedures. In addition, seated blood pressure and
heart rate measurements were performed before dosing
and approximately 2, 4, 8, 12, and 24 hours postdose
in each period. Throughout the study, subjects were
monitored for adverse events (AEs).

Analytical Methods

Blood was collected in serum spray-coated silica tubes
and allowed to clot at room temperature for at least
30 minutes. The serum was then separated by cen-
trifugation (approximately 1240g x 10 minutes at
room temperature) and harvested within 148 minutes
of collection. The serum samples were then stored
at —20°C until assayed. The serum concentration of
total levothyroxine was determined by a validated
high-performance liquid chromatography/tandem mass
spectrometric method, as per the most recent US
Food and Drug Administration (FDA) and European
Medicines Agency (EMA) validation guidelines.?!*>
During the method validation, the accuracy, precision,
within-run, between-run, selectivity, and matrix effect
as well as the stability (stability in whole blood at 4°C,
short-term stability in the matrix at room temperature,
freeze-thaw stability at —20°C/—80°C, long-term stabil-
ity at —20°C/—80°C) were evaluated, and all tests met
the acceptance criteria.

The levothyroxine and its internal standard,
thyroxine-'*Cg, were extracted simultaneously from
the human samples using automated solid-phase
extraction. More specifically, 50 uL. of serum sample
was mixed with 50 uL of 1% ascorbic acid, 1 mL
of 0.1 M citric acid, and 50 uL of internal standard

solution. After vortex mixing, all the samples were
centrifuged at approximately 2000g for 5 minutes at
room temperature. A 900-uL aliquot of each sample
was then transferred onto an extraction plate precondi-
tioned with methanol and 0.1N hydrochloric acid. The
aliquots in the extraction plate were evaporated under
vacuum and washed with 400 L of methanol and
400 L of 0.1N hydrochloric acid. The compounds
were then eluted with 400 L of methanol/ammonium
hydroxide (95/5). The eluates were subsequently
evaporated under an N, current at 60°C and recon-
stituted with 150 uL. of water/methanol (36/64) and
ammonium hydroxide 0.04%. The sample extract
was then loaded onto an ACE 3 C18 30 x 4.6mm,
3um (Life Science, Peterborough, Ontario, Canada)
for separation. The mobile phase was composed of
water/methanol (36/64), ammonium acetate 2 mM,
and acetic acid 0.1% (v/v). The high-pressure liquid
chromatographic effluent was introduced into a Sciex
API-5000 Tandem Mass Spectrometer equipped with
an electrospray ionization source for levothyroxine.
Positive ions were detected in the multiple reaction
monitoring mode with precursor — product ion
pairs of 777.7m/z— 731.7m/z or levothyroxine and
783.7m/z — 737.7m/z for thyroxine-'*Cy. The analyt-
ical range of 25-250 ng/mL had within-run coefficient
of variation (CV) ranging between 1.14% and 2.48%
and a between-run CV ranging between 3.71% and
10.58%. The randomization scheme was not to be
available to the bioanalytical division of inVentiv until
the clinical and analytical phases had been completed.

The internal standard, thyroxine-'3Cg, was supplied
by the Toronto Research Chemical Inc. (North York,
Ontario, Canada) and levothyroxine (USP grade) by
USP (Rockville, Maryland). The ascorbic acid (CAS50-
81-7; Sigma grade), citric acid monohydrate (CAS
5949-29-1), and ammonium hydroxide (CAS 1336-21-
6; ACS grade) were purchased from Sigma (Oakville,
Ontario, Canada), whereas the methanol (CAS 67-56-
1; Ominsolv grade) and 0.1N hydrochloric acid (CAS
7647-01-0; 0.1000N + 0.0002 grade), ammonium ac-
etate (CAS 631-61-8; AnalaR grade), acetic acid, glacial
(CAS 64-19-7; AnalaR grade), and 1N sodium hydrox-
ide (CAS 7732-18-5; AnalaR grade) were supplied by
EMD (Toronto, Ontario, Canada). The T3/T4-free hu-
man serum was obtained from Dia Source (Nivelles,
Belgique).

Pharmacokinetic and Statistical Calculations
Pharmacokinetic analyses were performed using Phar-
sight Knowledgebase Server version 4.0.2 and Win-
Nonlin 5.3, which were validated for bioequivalence
studies. The following pharmacokinetic parameters
were calculated by standard noncompartmental meth-
ods for total levothyroxine: Cyax, Tmax, and AUC.4s.
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Levothyroxine is an endogenous compound and
therefore was analyzed both with and without base-
line correction. For each subject and treatment pe-
riod, the baseline levothyroxine value was defined as the
mean of the -0.5-, -0.25-, and 0-hour sample concentra-
tions, and this value was attributed to the predose sam-
ple concentration. For baseline correction, the baseline
value (mean of the 3 predose samples) was subtracted
from each measured concentration, including the pre-
dose concentration, meaning that the predose concen-
tration was equal to zero. If baseline-adjusted postdose
concentrations were negative, concentrations were set
to zero. Uncorrected and baseline-corrected data were
presented for total levothyroxine. Results without base-
line correction were provided for information purposes.

Using general linear model procedures in Statistical
Analysis System (SAS), analysis of variance (ANOVA)
was performed on untransformed Tp.x and on In-
transformed AUC.45 and Cp.x at the « level of 0.05.
Factors incorporated in the model included: sequence,
subject (sequence), period, and treatment. Intra- and
intersubject coefficients of variation were estimated.
The ratio of means (A/C, B/A, and B/C) and 90%
geometric confidence interval for the ratio of means,
based on least-squares means from the ANOVA of
the In-transformed data, were calculated for AUC .45
and Cp.x. Bioequivalence between the test (A) and
reference (C) products was to be concluded if, for
baseline-corrected total levothyroxine, the 90% geomet-
ric confidence intervals of the ratio (A/C) of least-
squares means from the ANOVA of the In-transformed
AUC 43 and C,,,x were within the acceptable range of
80.00% to 125.00%.

Treatment-emergent adverse events (TEAEs) were
summarized descriptively for all subjects who were
dosed (safety population).

Results

Participants

In total, 36 subjects (18 women and 18 men) were ran-
domized and dosed. Of these, 31 subjects completed all
study periods. Three subjects elected to withdraw for
personal reasons, 1 subject did not complete period 2
for personal reasons (but came back for period 3), and
1 subject was withdrawn prior to dosing in period 3 be-
cause of a significant AE (alanine aminotransferase in-
creased). Data from all subjects who completed at least
2 study periods, allowing performance of the compar-
isons between treatments A/C and/or B/C and/or B/A
and for whom the PK profile was adequately character-
ized were used for PK and statistical analyses (n = 34
for comparison A/C, n = 31 for comparison B/C, n =32
for comparison B/A). Demographic characteristics are
presented in Table 1.

Pharmacokinetic Assessment

Mean  baseline-corrected  serum  levothyroxine
concentration-over-time profiles for all treatments
are shown in Figure 1. Key pharmacokinetic param-
eters for each treatment are summarized in Table 2.
When comparing the solution with the capsule (both
products administered with water), the 90% geometric
confidence intervals (Cls) of the least-squares means
(LSM) ratios were within the prespecified bounds
of 80.00%-125.00% and even between 90.00% and
111.11%, for both C,,,x and AUC.4g, indicating that
the solution and capsule formulations were bioe-
quivalent (Figure 2). Moreover, the administration of
levothyroxine oral solution without water did not affect
the rate and extent of its absorption with respect to
administration with water because 90% geometric Cls
of the LSM ratios were also within 90.00% to 111.11%
for AUCy4g and Cp.x (Figure 2). An additional
analysis (treatment B vs treatment C) also showed that,
when administered without water, the solution was
bioequivalent to the capsule. The intrasubject CVs for
AUC 45 and C,,,x were low, with values of 8.99% and
8.91%, respectively.

Statistical results obtained on data uncorrected for
baseline were comparable to those described above, as
all 90%ClIs were also within 90.00% to 111.11% for both
Chax and AUC.4g. These results are not shown, as this
constituted a secondary analysis.

Safety Assessment

No serious adverse events were reported during this
study. A total of 47 TEAEs were reported by 24 of
the 36 subjects who received at least 1 dose of the
study medication (safety population). The breakdown
by treatment group was as follows: 17 TEAEs reported
by 31.4% (n = 11) of the 35 subjects who received
levothyroxine oral solution with water (A), 9 TEAEs
reported by 26.5% (n = 9) of the 34 subjects who re-
ceived levothyroxine oral solution without water (B),
and 21 TEAEs reported by 47.1% (n = 16) of the 34
subjects who received the levothyroxine capsule (C).
There were no relevant differences between each treat-
ment group when comparing the number of subjects
for each TEAE. The most commonly reported TEAEs
by subjects who constituted the safety population were
headache, reported by 27.8% (n = 10); nasopharyngitis,
reported by 13.9% (n = 5); and back pain, reported by
8.3% (n = 3) . All other TEAEs were reported by 2 sub-
jects or fewer. The majority of the TEAEs were resolved
spontaneously without any countermeasure.

Discussion

This study was properly designed to compare the
bioavailability of different levothyroxine formulations.
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Table 1. Descriptive Statistics of Demographic Data for Subjects Included in the Pharmacokinetic Population

PK Population

Category Comparison (A/C),n = 34 Comparison (B/A),n = 32 Comparison (B/C),n = 31
Age (years) Mean £ SD 35+9 36+9 36 £9
Range 23-50 23-50 23-50
Median 35 35 35
BMI (kg/m?) Mean + SD 24.62 £+ 3.01 2451 £ 3.11 24.35 + 3.02
Range 19.54-29.93 19.54-29.93 19.54-29.93
Median 24.44 23.92 23.69
Height (cm) Mean £+ SD 168.8 + 7.8 168.6 + 7.6 168.5 + 7.6
Range 156.5-186.0 156.5-186.0 156.5-186.0
Median 166.3 166.3 165.5
Weight (kg) Mean =+ SD 7049 & 12.27 70.02 & 12.26 69.43 + 11.98
Range 52.70-103.20 52.70-103.20 52.70-103.20
Median 71.10 70.50 70.50
PK, pharmacokinetic; n, number of observations; SD, standard deviation; BMI, body mass index.
A:levothyroxine sodium oral solution administered with water.
B: levothyroxine sodium oral solution administered without water.
C: levothyroxine sodium capsule.
90
80 - —o— Levothyroxine sodium oral solution with water
.% —& Levothyroxine sodium oral solution without water
é 370 7 —&— Levothyroxine sodium capsule
g S\ED 60 -
5 E
% .S 50
S % 30 - — ‘l
238
§ 20+
<
A 10+
0 -
(I) ; 1I0 1I5 2I0 2I5 3I0 3I5 4I0 4IS SIO
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Figure 1. Mean concentration-time profile for baseline-corrected levothyroxine for each treatment (n = 35 for the levothyroxine
sodium oral solution with water, n = 32 for the levothyroxine sodium oral solution without water,and n = 34 for the levothyroxine

sodium capsule).

A supratherapeutic dose of 600 ng was administered
to minimize the impact of endogenous levothyroxine
levels.”>?* The mean of 3 baseline concentrations
(-0.5, -0.25, and 0 hours) was used to calculate
baseline-adjusted pharmacokinetic parameters, which
was considered an adequate method to characterize
levothyroxine baseline. Although levothyroxine is con-
sidered a drug with a long half-life, the comparison of
extent of bioavailability was based on AUC truncated
at 48 hours. This ensured that levothyroxine concentra-
tions were maintained above baseline levels, making the
baseline correction method more reliable. A washout
of 35 days was also deemed sufficient to avoid any
carryover effect. The above study design considerations
were in line with the FDA guidance on levothyroxine

pharmacokinetic and bioavailability studies that was
applicable at the time the study was conducted.?

The aim of that study was to assess the bioequiv-
alence between levothyroxine oral solution contained
in unit-dose ampules diluted in water and a reference
levothyroxine capsule under fasting conditions. It was
demonstrated in that study that levothyroxine oral
solution was bioequivalent when diluted in water to
the capsule formulation. This was based on the finding
that 90%ClIs for both AUC(4g and C,,.x were within
the prespecified bounds of 80.00%-125.00% and even
within 90.00% to 111.11% (as required for narrow ther-
apeutic index drugs by the current EMA guideline on
bioequivalence studies®®) for both Cpax and AUC .4,
indicating that the 2 products were bioequivalent. The
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Table 2. Summary of Pharmacokinetic Parameters for Baseline-Corrected Serum Levothyroxine for Each Treatment

Levothyroxine Sodium Oral Levothyroxine Sodium Oral Levothyroxine Sodium

Solution With Water (A) Solution Without Water (B) Capsule (C)
n 35 32 34
AUC_45° 1739.26 4 438.25 1755.86 + 330.86 1764.14 4 380.88
(ng-h/mL) (25.20) (18.84) (21.59)
Crax® 72.66 + 16.67 7130 + 14.19 76.64 + 16.48
(ng/mL) (22.95) (19.91) (21.51)
Trnax” 1.50 2.50 2.00
(h) (1.00—4.00) (1.00-5.00) (1.00—4.00)
?Mean + SD (CV%).
®Median (Min-Max).
Parameter [Comparison Ratio [90% CI
Crax [A-C] — 98.47% [94.97%, 102.11%]
[B-C] —_— 101.15% [97.43%, 105.01%]
[B-A] — 102.72% [98.98%, 106.60%)]
AUCy 4 [A-C] — 95.33% [91.97%, 98.82%]
[B-C] — 94.64% [91.19%, 98.22%]
[B-A] — 99.28% [95.70%, 102.99%]
70.00 80.00 90.00 100.00 110.00 120.00 130.00

Figure 2. Ratios and 90% geometric confidence intervals for AUCy4s and C,., for baseline-corrected serum levothyroxine.
(A) Levothyroxine sodium oral solution administered with water. (B) Levothyroxine sodium oral solution administered without water.

(C) Levothyroxine sodium capsule.

rate and extent of absorption of the new solution
were also evaluated when administered on dilution in
water or directly into the mouth without water. This
study has also shown that the levothyroxine solution
can be administered directly into the mouth from the
unit-dose ampule because this mode of administration
does not change the rate and extent of absorption of
levothyroxine.

It has been suggested that levothyroxine in the form
of an oral solution may be less prone to the impact of
some factors on the absorption of this drug compared
with conventional tablets.?’”*® For instance, previous
studies suggested that an oral solution was less affected
than the tablet formulation with regard to levothyroxine
malabsorption that could be caused by proton pump
inhibitors®® or other interfering drugs.?*3? It was also
reported that oral liquid levothyroxine formulations
could diminish the problem of levothyroxine malab-
sorption caused by lactose intolerance®’ or Helicobac-
ter pylori** infection or bariatric surgery when using
traditional tablet formulations. Other reports showed
better stabilization in the thyroid hormones profile with
liquid thyroxine as opposed to tablet formulation.?> 3%

In conclusion, the levothyroxine oral solution
unit-dose ampules were bioequivalent to levothyroxine
capsules within tightened confidence intervals when
administered with or without water under fasting con-
ditions. This new formulation may offer an additional

treatment option for patients who have difficulty in
swallowing solid dosage forms, potentially increasing
patients’ adherence to therapy. The unit-dose contain-
ers allow delivery of the exact dose of the oral solution,
thus minimizing the risks related to drops count or use
of a pipette.
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